A cross-sectional study was conducted to identify the relationship between blood lead concentration and nutritional status among primary school children in Kuala Lumpur.A total of 225 Malay students, 113 male and 112 female, aged 6.3 to 9.8 were selected through a stratified random sampling method. The random blood samples were collected and blood lead concentration was measured by a Graphite Furnace Atomic Absorption Spectrophotometer. The nutrient intake was determined by the 24-hour Dietary Recall method and Food Frequency Questionnaire. An anthropometric assessment was reported according to growth indices (2-scores of weight-for-age, height-for-age, and weightfor-height). The mean blood lead concentration was low (3.4 f 1.91 ug/dL) and was significantly different between gender. Only 14.7% of the respondents fulfilled the daily energy requirrment. The protein and iron intakes were adequate for a majority of the children. However, 34.7% of the total children showed inadequate intake of calcium. The energy, protein, fat and carbohydrate intakes were significantly different by gender, that is, males had better intake than females. Majority of respondents had normal mean z-score of growth indices. Ten percent of the respondents were underweight, 2.8% wasted and 5.4% stunted. Multiple linear regression showed inverse significant relationships between blood lead concentration w-ith children's age (j3=-0.647, p<O.OOI) and per capita income (fl=-O.OOl, p=O.O18). There were inverse significant relationships between blood lead conccntration with childrcn's age (~-0.877,p=O.O01) and calcium intake (fk -O.OlI,p=0.014) and positive significant relationship with weight-for-height (@0.326, p=0.041) among those with inadequate calcium intake. Among children with inadequate energy intake, children's age (B=-0.621, p < 0.001), per capita income (f3= -0.OOl,p=O.025) and protein intake (~-0.019,p=0.027) were inversely and significantly related with blood lead concentration. In conclusion, nutritional status might affect the children's absorption of lead and further investigation is required for confirmation. Asia Pac J Public Healfh 2007; 19(3): 29-37.
Introduction
Adverse health effects of lead particularly on children are not alienated issues and are still a public concern globally. Children are very active and their developing bodies are vulnerable and tend to absorb toxicants easily from the environment. Children are also at risk of being malnourished due to the high metabolic processes for growth and development of their body. They are often regarded as a vulnerable group, because the combination of exposure to environmental pollutants and malnutrition will put them at a higher risk ofgetting adverse health effects.
The relationship between lead and nutritional status has created interest among researchers since a few decades ago. Nutritional status may modify the impact of an environmental toxicant. According to Mahaffeyl, four nutritional conditions which increase the adverse consequences of environmental lead exposure are irregular food intake, high fat intake, marginal calcium intake and subtle iron deficiency. Among adults, ingestion of lead during fasting results in a greater absorption of lead than if lead were ingested with food2. Though there are no similar data available for children, these effects on adults can be extrapolated to children. Children probably have increased lead absorption following even shorter fasting periods than adults because they have more rapid gastric emptying times than adults. Due to this, the fasting or non-fasting retention of lead is likely to be even more important in children'. Previous studies showed that 29 high fat and low micronutrient intake such as ~a l c i u m~-~ and iron10-12 were correlated with high lead level in the body. This proves that poor nutritional status could enhance lead toxicity.
In the Asian region, including Malaysia, there were many lead exposure and the relation to the children to name a few, have been carried out. However, there are very limited studies done on the relationship of lead exposure and nutritional ~t a t u s~' -*~. Although there were many local studies done on nu-trition21-2s, none was done to determine the association between lead exposure and the nutritional status of the children in Malaysia. Nutritional studies on rural a d~l t s 2~~5 , and children26-28, in Malaysia showed that calcium and iron intakes were lower while fat intake exceeded the recommended guidelines. An individual with such a nutritional deficiency, who at the same time is exposed to lead could easily absorb and accumulate lead in the body, which could increase the risk of adverse health effects.
This study aim at determining the relationship between the nutritional status and blood lead of urban children who are at high risk of exposure to lead from leaded gasoline combustion in vehicle exhaust. Previous studies showed that there were relationship between lead absorption and nutritional status1,4,5,9,10,12,29. Therefore, there is also a need to study if similar relationship exists in the local community.
Methods
Five primary schools located near main roads in the city of Kuala Lumpur were selected. Data collected consist of socioeconomic information, blood sample and nutrient intake. The study sample comprises 250 Malay students selected using stratified random sampling according to gender and class in order to obtain representative samples ofmale and female students as well as the various classes from Year 1 to Year 3. Written consents were obtained from the children's parents for blood and data collection. Blood lead samples were collected using Sinclair and Dohnt's method30. Blood lead concentration were analysed with a graphite furnace atomic absorption spectrophotometer Model GBC 908AA.
The socioeconomic and demographic information and information about the children's daily activities were obtained through self-administered questionnaires, brought home by the children to be completed by their parents. Energy and nutrient intakes were measured using the 24hours Dietary Recall method for three days. Interviews on dietary intake with the children were conducted during school time without their parents. Interviews with the parents were camed out on the same day in the presence of the children. Visits to the school canteen were made to verify all the food and beverages as well as the serving size served to the children. Visits to the child-care centres were also made to determine the type of food served to the children before or after school. All of the food intakes were recorded in the household measurements. The weight of the foods was estimated based on the models of household measurement tools demonstrated during the interviews. Food intakes were then calculated using DIET4 computer sofivare, based on the Malaysian Food C o m p~s i t i o n~~, and were compared with the Malaysian Recommended Dietary Allowance (RDA)32, Food Frequency Questionnaire (FFQ) which consists of a list of 85 food items developed according to the Malaysian Food C o m p~s i t i o n~~, was used to assess the usual dietary intake pattern. Frequency of food consumption was categorised using a 7-point scale ranging from 7 = daily, 6 = 2-3 times a week, 5 =once a week, 4 = 2-3 times a month, 3 = once a month, 2 = seldom, 1 = never. A score was calculated for each of the food items using an equation adapted from Reabum et and Chee et a P .
Basic anthropometric measurements which include height, weight and age of children were obtained to develop the anthropometric indices for growth or z -s c o~e~~,~~. The calculation of z-score was done using the ANTHRO computer program according to the formula by Dibley ef UP.
Children were measured in light clothing and barefoot to determine height using the microtoise tape to the nearest 0.1 centimetres, and weight using a digital weighing scale to the nearest 0.1 kilograms. The z-score value obtained for each children was then compared to the reference growth curve developed by NCHS and CDC3J, recommended by WHO35, for international usage in determining the nutritional status of children. The classifications of nutritional status according to WHO are:
Underweight: Weight-for-age below -2 SD from the NCHS median Wasted: Weight-for-height below -2 SD from the NCHS median Stunted: Height-for-age below -2 SD from the NCHS median The z-score value between -2 SD and +2 SD from the NCHS median for those three indices were considered normal growth attainment.
All data were analysed using the SPSS version 12. The Spearman's rho non-parametric correlation was used to quantify the strength of the linear relationship between two variables. The Mann-Whitney U test was used to compare the differences between two variables. Multiple regression using the stepwise method was used to determine the factors which most influence the blood lead concentration.
Results
A total of 225 children, consisting of 113 (50.2%) males and 112 females (49.8%), completed the questionnaires and the dietary interviews, while 25 were excluded due to incomplete information. Table 1 shows the demographic and socioeconomic background of the respondents.
According to the 8" Malaysian Plan36, a household with income less than RM 1,500 per month falls into the low-income category. Therefore, 51% of the respondents were in this category. When per capita income was calculated, a total of 25.8% of the respondents were in the poor family category with income less than RM 140 per month37. On average, 30% of the household income was spent on food expenditure. Most ofthe parents had secondary school education (Table 1) . Table 2 indicates the blood lead concentration, nutrient intakes and growth anthropometric indices of the children by gender. The mean lead concentration was 3.4 &dL which is low compared to the recommended guideline of less than 10 ~g / d L~~. Only 1.3% from the total of the re-spondents had blood lead level of 10 pg/dL and above. Since the Kolmogorov-Smimov normality test showed that blood lead was not normally distributed, the Mann-Whitney U test was used to determine the difference ofblood lead concentration as well as the nutritional factors behveen genders. It showed that males blood lead concentration was significantly higher than females as well as they had better nutrient intakes except for calcium and iron. The mean z-score for all three anthropometric indices were within the normal values and no significant difference found between genders. Table 3 shows the percentage of children whose nutrient intakes were within selected RDA acceptable ranges32 . There was no specific RDA for carbohydrate and fat as a human body transforms protein and fat into glucose, and protein and carbohydrate into fat39. Results showed that the percentage of children who had inadequate intake of energy and calcium was high. Only 14.7% had adequate energy intake of2,190 kcal and 34.7% had inadequately calcium intake of less than 66% of the RDA.
The percentages of malnourished children from the total ofrespondents were relatively small as they were 10% underweight, 5.4% stunted and 2.4% wasted (Table 4 ). Underweight is the indicator of current proteinenergy malnutrition, while wasted children mean they have acute malnutrition problem. Children with chronic malnutrition always ended up stunted as the result of slow bones growth which related to low economic situation, infections and inadequate nutrient intake35. Majority of the respondents were well nourished (Table 4) .
Statistical analyses were conducted to determine the correlations between blood lead concentration with nutrient intakes (energy, protein, fat, carbohydrate, calcium and iron), anthropometric indices (weight-forage, height-for-age and weight-for- (Table 5 ). The intake of energy and calcium for the majority of the children did not meet the RDA (Table 3 ). Both energy and calcium are essential nutrients in children's growth and development. Statistical test were carried out to determine if blood lead has any correlation with nutrient intakes, anthropometric indices and selected socioeconomic variables, among children with deficient calcium and energy intake. The results showed that, among those with deficient calcium, calcium intake (I=-0.285, p=O.Oll) and age (I=-0.325, p=0.004) were inversely and significantly correlated with blood lead. Later, multiple regression analysis results ( (Table 6b ). Children's age (years) -0.621 0.155 <0.001
Discussion
The sources of lead exposure to the children were mainly from the air, house dust and soil dust as a result of gasoline combustion from motor vehicles. In this study, the mean blood lead concentration was 3.4 pg/dL. This value is also lower than an earlier study conducted on Kuala Lumpur children13, which found the mean blood lead to be 5.6 pg/dL. The decrease in the blood lead concentration in the urban children may be due to the reduction of the lead content in gasoline during early 1990's and the introduction of the unleaded gasoline in the late 1 9 9 0~~~.
The mean blood lead of the male children was significantly higher than that ofthe female. The same trend was also found in other ~tudies'~.~'. This shows that males are more exposed to lead because of their physical and outdoor activities. The boys tend to spend most of their time in the school fields or playgrounds and are more likely to be exposed to outdoor lead than the girls. Even though blood lead was found to be low, lead is a neurotoxin which seems to have no threshold level.
Evidences from previous studies showed that socioeconomic factors are significantly related to lead exposure. Blood lead is inversely related to the socioeconomic ~t a t u s '~* '~- 19, 297424 . Socioeconomic factors such as the children's age, family's monthly per capita income and parent's education were potential risk factors of blood lead in this study which were statistically analysed to determine the risk factors which most influenced children blood lead concentration. Results from this study showed that the children's age and monthly per capita income were inversely and significantly related with blood lead. The children from low-income families tended to be at higher risk because income could influence family's affordability for better housing in a good residential area. Urban low-income families usually reside in squatter areas with substandard houses which are located close to roads with heavy traffics. The type and quality of food consumed are also influenced by income. Insufficient or cheaper foods lacking in essential nutrients, are inappropriate for children's growth and development.
Similar to other s t~d i e s '~,~~,~~, this study also found that children's age was inversely related to blood lead concentration. Younger children absorb lead easily from the environment because of their high metabolism, underdeveloped brain cell barrier against lead, and fast growing body tissues. Adults absorb only about 10% of ingested lead while children tend to absorb up to 50%. This could be explained by the high-density transport of intestinal protein during their rapid development periodlS.
From the total daily energy intake, less than 15% of the children met the daily energy requirement of 2,190 kcal even though results from the. Food Frequency Questionnaire (FFQ), which is not reported in this article, showed that carbohydrate and protein sourced foods were highly consumed. This shows that even though the intake of the energy sourced foods were high, it did not fulfil the active body requirements. Almost 35% of the children did not meet the requirement for calcium and other nutrient intakes as determined by FFQ. Results also showed low intakes ofvitamins, minerals, fibres and calcium rich foods by the children, as also seen by other s t~d i e s~~,~~,~' , However, nutrient intakes by the children in this study were better than by those from previous local studies.
Beside age and income, nutritional status is considered as one of the factors that can influence lead absorption. Even though malnutrition is not a major factor in this study, poor nutritional status can also increase the effects of lead on the human bodps. No significant relationship between blood lead concentration and nutrient intakes was found in this study, which is contrary to other studies46J0J2,23,42. This may be due to the low blood lead concentration found in these children when compared to previous studies. The blood lead concentration in the studies by Lucas et and in Mahaffey et a1.6 was three and nine times higher than that in this study respectively.
Inverse significant relationship between total energy intake and blood lead concentration found in previous studies'.* suggested that lead tended to be highly absorbed when there was less food present in the stomach. However, some studies found o t h e n v i~e~?~. They suggested that those who had a higher calorie intake might have ingested more lead through food that had been contaminated, either by lead in the air or packaging4, or consumption of finger foods5. In the relationship between lead and fat intake, an animal study showed that, the absorption of lead depended on the quantity and type of fat3. A possible mechanism on how dietary fat increases lead absorption in the gastrointestinal tract involves the secretion of bile acids, which aids in the digestion and absorption of fat. Bile increases lead a b s o r p t i~n~~.~~.
Since the percentages ofthe children with deficient calcium (35%) and energy (85%) intake were relatively high, it was necessary to focus on these groups. Even though there was no significant relationship between blood lead and any nutritional vari-ables for all children, there was an inverse significant relationship with calcium intake and positive significant relationship with weight-for-height among children with deficient calcium intake. Among those with inadequate energy intake, protein intake was inversely and significantly related with blood lead concentration. This suggests that nutritional status may have significant effects on the lead absorption by the body.
Three decades ago, researchers identified the role of dietary calcium in developing the body resistance to lead t o x i~i t y~l ,~~.
Animal study showed that rats with low calcium diet had four times higher blood lead compared to those with normal calcium diet, when exposed to the same lead concentration. The same observation was also found in humans in a nutritional survey by Mahaffey et d6, who found that children with high blood lead (>30 pg/dL) had low intake of calcium when compared to the control group. In more recent studies regarding lead toxicity and calcium intake, the finding showed that blood lead levels were inversely related with the consumption of foods with high c a I c i~m 5 3 .~~ . The absorption and retention of lead in the gastrointestinal tract is the main pathway of lead intakes5. These processes depend on the micronutrient status, including calcium in the gastrointestinal lumen. Studies found that insufficient dietary calcium could increase the absorption' and retentions of lead in the intestine. Since calcium and lead share the same number of valency, these elements compete for the same binding site on the intestinal mucosal protein, which is the most important absorption process56. The competition for the binding site could be the reason why insufficient calcium intake could increase lead absorption in the intestine.
Previous human studies found contradicted results regarding the relationship between lead and protein intake4.s,53. Although Schell et found paradoxical results, a part of their study support our finding which suggested that protein intake was inversely related to blood lead concentration.
Previous literatures explained that lead-protein interactions as a basis and a way to understand lead tox-i~i t y~~. Although still limited knowledge available about the biochemical mechanisms responsible for toxicity of lead, general assumption was made that lead interacts with the function of enzymes, signal systems and membranes, probably by binding to certain sites of proteins5*. As for an example, lead binds to a-aminolevulinic acid dehidntase (ALAD), which is the second enzyme in the biochemical pathway for heme syntheses, and caused the inhibition ofALAD activities. This occurs as a consequence of direct binding of lead to the protein, presumably by binding to sites meant for zinc.
In this study, weight-for-height showed positive relationship with blood lead concentration. As for weight-for-height the study reflected acute nutrition alteration. There was an acute episode of under nutrition resulting in the failure of the child to gain weight relative to height35. In the relationship of weight-for-height with blood lead concentration, it seemed as if blood lead concentration increased with the attainment of good nutritional status. The plausible reason for this is that, these children ingested environmental lead from contaminated food and drink consumed as well as dust and air in the environment they live.
The lead content in the air or dust might be the major lead exposure to the children in this study. Although ambient lead concentration was not measured in this study, previous studies showed that ambient lead correlated to blood lead concentration. Evidence from previous ~t u d i e s '~.~~, suggested that lead content in respirable particles (PM10) of Kuala Lumpur was about 0.029%. The ambient respirable lead of Kuala Lumpur (urban) school children was 95ng/m3 compared to Kemaman (semi urban) and Setiu (rural), which were 27 n d m3 and 15 ng/m3, respectively. The relationship between PMlO and respirable lead concentration was significantly correlated as well as between ambient respirable lead concentration and the blood lead concentration of the children.
The strength of this study lies in its focus on the urban school age children whose busy schedule might increase their risk to malnutrition and exposure to lead. However, it was carried out only among the Malays to minimise the variation in the dietary pattern since food consumption was mainly influenced by culture. This study only concentrated on the Malay school children from the urban areas of Malaysia. Only two aspects of nutritional status were carried out in this study mainly because of its practicality to the respondents. The dietary intake method used in this study, although has its limitation in term of dependency on the respondent's memory and cooperation, additional steps had been done such as visits to the school canteen and day-care nursery to double-check on the food consumed in order to obtain as accurate quantity of food as possible. The anthropometric assessment as the nutritional status indicator was widely used because of the low cost and objective procedures. Therefore, it is appropriate to be used on big sample size and provide countable results35. The biochemistry aspect was not looked into because it involved drawing blood from children in the quantity that raised concern among parents and caused them to disapprove of the involvement of their children. The low blood lead concentration complimented by good nutritional status for the majority of respondents found in this study might .be the major reason why the relationship with nutritional status, although significant, was considered small.
The findings of this study showed that children's age, family's income and nutritional factors were important elements to children's blood lead concentration particularly among the high risk group. However, further work is required to investigate that nutrient intakes would enhance the absorption and retention of lead, which later, would increase the risk of lead toxicity. It is suggested that suficient nutrient intake would enhance body resistance against the risk of lead absorption especially among children. Besides that, the role of the nutritional status indicating the anthropometric indices for children's growth should be given hrther attention in the relationship with lead toxicity. Nutritional status surveys could be introduced in schools to assess and monitor this matter. Involvement ofparents, school authorities and government are needed to educate the children on the importance of consuming nutritious food, and on how to choose good and healthy food for consumption. Implementation of good hygiene practices, such as washing their hands before eating are also important in educating children to prevent contamination of lead on their food. Since nutritional status might have the potential to modify the impact of environmental toxicant, future studies should take into consideration the more precise methods to assess the nutritional status in investigating its relationship to lead toxicity.
